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Subcutaneous adipose tissue accumulation mediated by lymphatic dysfunction
M Sawane,1 N Takakura2 and K Kajiya1 1 Shiseido Research Center, Yokohama, Japan and 
2 Department of Signal Transduction, Research Institute for Microbial Diseases, Osaka 
University, Suita, Japan
Recent reports featured the lymphatic function on adipose tissue research including skin. In humans, 
excess adipose tissue is frequently found in lymphedema patients, suggesting that the impairment of 
lymphatic function resulted in adipose tissue accumulation. Chy mice, a naturally occurring mouse 
model of lymphedema due to heterozygous inactivating mutations in VEGFR-3, exhibit adipose layer 
accumulation in skin. More recently, it is described that apelin/APJ signaling promotes the integrity of 
blood and lymphatic endothelial cells. Here we describe lymphatic dysfunction mediated by dietary 
fatty acids and its role in subcutaneous adipose tissue accumulation. First we have established novel 
co-cultures of lymphatic endothelial cells with preadipocytes, revealing that adipocyte differentia-
tion was potently induced in the presence of fatty acids on the lymphatic endothelial layer. An oleic 
acid, one of fatty acids rich in a high-fat diet induced hyperperpermeability of endothelial cells with 
loss of VE-cadherin localization on cell-cell junctions. Additionally, fatty acids induced adipocyte 
differentiation, whereas apelin inhibited vascular hyperpermeability by promoting vascular stabi-
lization. These results indicate that apelin could serve as a therapeutic target for treating adipose 
tissue accumulation. For this purpose, we have established the screening system for activating APJ 
to find apelin-like plant extracts and we found that Pinus Sylvestris (Pine extract) has an ability 
to activate an apelin receptor, APJ. Pine extract had a potential to inhibit lymphatic permeability 
and promote VE-cadherin localization on the cellular membrane. Overall, Pine extract could be 
beneficial to inhibit subcutaneous adipose tissue accumulation by promoting lymphatic function.   
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Smurfs E3 ubiquitin ligases negatively regulate TGF-β signaling in keratinocytes
K Shiraishi,1 X Dai,1 M Murakami,1 M Tohyama,1 N Matsushita,2 T Imamura3 and K Sayama1 
1 Department of Dermatology, Ehime University Graduate School of Medicine, Toon, Japan, 
2 Translational Research Center, Ehime University Hospital, Toon, Japan and 3 Department 
of Molecular Medicine for Pathogenesis, Ehime University Graduate School of Medicine, 
Toon, Japan
Members of the transforming growth factor-β (TGF-β) family are multifunctional proteins that regu-
late cellular responses, including proliferation, migration, differentiation, and apoptosis. Intracellular 
signaling of the TGF-β family is mainly mediated by Smad proteins. This signaling is regulated by 
various post-translational modifications, including ubiquitination. Smad ubiquitin regulatory factor 
1 (Smurf1) and Smurf2 are HECT (homologous to the E6-accessory protein. C- terminus)-type E3 
ubiquitin ligases, which suppress TGF-β signaling through the degradation of Smads and TGF-β 
receptors. However, the biological function and regulation of Smurf1 and Smurf2 in human kerati-
nocytes remain to be elucidated. In this study, we demonstrated that TGF-β induced Smad2/3 phos-
phorylation, enhanced Smad7 protein expression, and upregulated Smurf1 and Smurf2 expression 
in cultured human keratinocytes. Moreover, TGF-β-induced Smad2/3 phosphorylation and Smad7 
protein expression were significantly increased by the inhibition of both Smurf1 and Smurf2. Fur-
thermore, proliferation of human keratinocytes after TGF-β stimulation was significantly inhibited 
by knockdown of both Smurf1 and Smurf2. These results suggest that Smurfs play an important role 
as regulators of TGF-β signaling in human keratinocytes.    
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EphA2 negatively regulates EGFR to promote keratinocyte differentiation
BE Perez White, P Thomas, J Rappoport and S Getsios Northwestern University, Chicago, IL
Keratinization requires highly coordinated changes in signaling as keratinocytes switch from growth- 
to differentiation-promoting pathways. Our long-term goal is to understand how cues in the cellular 
microenvironment govern this transition as a means to normalize differentiation in diseases where it 
is impaired, including inflammation and cancer. One such cue triggering differentiation is elicited 
at the cell surface by EphA2, a receptor tyrosine kinase activated by ephrin ligands on adjacent 
cells. To interrogate its direct mechanism of action, we performed unbiased biotin-identification 
proteomics to identify proteins vicinal to EphA2 during keratinocyte differentiation. Mass spec-
trometry identified over 200 EphA2-proximal proteins and gene ontology enrichment revealed 
proteins involved in adhesion, motility, and signal transduction. Prominent in this screen was an 
EphA2-EGFR interaction and enhancement of proteins involved in EGFR signaling, trafficking, 
and degradation. To investigate its role in EGFR regulation, we silenced EphA2 in primary human 
epidermal keratinocytes undergoing calcium-induced, contact-dependent differentiation or a 3D 
human epidermis culture model and probed for changes in EGFR signaling. In the absence of 
EphA2, differentiation was impaired coincident with abnormal EGFR signal attenuation. Specifically, 
EphA2 loss increased EGFR activation concomitant with enhanced Src family kinase and Erk1/2 
activity. This effect was paralleled by EGFR mislocalization and decreased EGFR ubiquitination. 
The differentiation defect and prolonged EGFR signaling was partially reversed by restoration of 
EphA2 expression or EGFR inhibition with AG1478 (1 μM). These findings identify EphA2 as a key 
regulator of EGFR signaling in keratinocytes and illustrate the importance of EphA2 in coordinating 
a program of epidermal differentiation.    
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Integrin αv is necessary for skin tissue generation and SCC tumor invasion, but is dispensable 
for epidermal maintenance
EK Duperret and TW Ridky Dermatology, University of Pennsylvania, Philadelphia, PA
Integrin heterodimers play crucial roles in epithelial adhesion, proliferation, differentiation and 
wound healing and are targets for cancer therapeutics. Although most of the 26 integrin subunits 
are expressed in epidermal keratinocytes, the roles of many subunits in human skin are unknown. 
Here we use a multiplexed shRNA screen to define roles for each integrin subunit in a 3-dimensional 
in vitro organotypic skin model. In this screen, we transduced individual populations of human 
keratinocytes with shRNAs against each integrin subunit. We then quantitatively determined the 
fitness of each cell population in a competition assay in reconstituted human skin. This screen 
identified the integrin αv class of heterodimers as essential for generation of human skin tissue: the 
population of keratinocytes lacking αv was selected against 125-fold compared to non-silencing 
control cells (p<0.001). An identical screen in human melanocytes showed no change in fitness 
upon loss of integrin αv, indicating cell-intrinsic functions for this subunit. Loss of integrin αv alone 
in keratinocytes leads to cell cycle arrest with a 4-5 fold increase in the G1/S ratio. Surprisingly, 
we found that integrin αv is not localized within keratinocyte focal adhesions (FA), in contrast to 
its FA localization in fibroblasts. In keratinocytes, integrin αv forms distinct plasma membrane foci 
that maintain proliferation through activation of a FAK—>p38—>c-myc pathway. The effects of 
integrin αv loss are dependent on αv’s binding partners β5 and β6, but not β1 or β8. By inducibly 
antagonizing integrin αv in both normal organotypic epidermis and genetically-defined Ras-driven 
invasive neoplasia, we show that integrin αv is required for tissue generation and tumor invasion, 
but is dispensable for epidermal maintenance. Furthermore, both β5 and β6 binding partners are 
required for tumor invasion, thus identifying αvβ5 and αvβ6 as potential therapeutic targets for 
epidermal squamous cell carcinoma.    
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Desmosomal mediated mechanotransduction regulates cell adhesion and signaling
JA Broussard and KJ Green Pathology and Dermatology, Northwestern University Feinberg 
School of Medicine, Chicago, IL
The ability to translate mechanical forces into biochemical responses, a process called mechano-
transduction, is fundamental to many biological and pathological processes such as proliferation, 
differentiation, cancer and fibrosis. Adhesive plaques are often the mechanosensitive organelles that 
translate force into biochemical signals. Desmosomes (DSMs) are cell-cell adhesion organelles that 
are most prominent in tissues that undergo large mechanical stress, and are thus ideal candidates to 
act as mechanosensors and mechanotransducers. However, unlike the roles of the adherens junction 
and associated actin cytoskeleton, the function of DSMs in these processes is understudied. Here, 
we utilized a well-characterized mutant desmoplakin (DPNTP) that lacks the intermediate filament 
(IF) binding domain to uncouple IF from the DSM. In small colonies of normal human epidermal 
keratinocytes (NHEKs), this uncoupling led to distributional changes in the actin cytoskeleton and 
cell-substrate adhesions, suggesting alterations in tensional distribution. While NHEKs subjected to 
cyclical stretch using a Flexcell tension system responded by elongating and reorienting their main 
axis, expression of DPNTP inhibited these processes. Moreover, uncoupling the DSM/IF unit in 
NHEKs also led to changes in other mechanically sensitive processes. These included a decrease in 
cell growth rate and an acceleration of calcium-induced differentiation, as determined by an increase 
in the protein expression of loricrin and differentiation specific desmosomal cadherins and keratins. 
Finally, uncoupling the DSM/IF unit led to an increase in active (phosphorylated) ErbB2. Using a 
pharmacological approach, we showed that active ErbB2 is required for NHEK differentiation and 
inhibiting ErbB2 abolishes the DPNTP-mediated effects on differentiation. ErbB2 has been shown 
to regulate the actin cytoskeleton; therefore, these data suggest a model in which DSMs regulate 
mechanically sensitive cellular behaviors potentially through modulation of ErbB2-mediated regu-
lation of the contractile actin network.    
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Tailoring fibroblast culture media to broaden functionality and increase cytokine 
responsiveness
B Stefan, C Cuddapah and P Girling CELLnTEC Advanced Cell Systems, Bern, Switzerland
Dermal fibroblasts are derived from at least two distinct lineages, and display a considerable range 
of functional diversity in vivo. Reticular fibroblasts of the lower dermis display higher ECM secretion, 
lower proliferation, and a more dendritic phenotype. Papillary fibroblasts of the upper dermis are 
more proliferative, and secrete a characteristic mix of ECM proteins and cytokines that significantly 
influence the function of the hair follicles and epidermis. In vivo fibroblasts are also highly responsive 
to cytokine stimuli such as after wounding, where they significantly upregulate production of a range 
of specific ECM proteins and cytokines. However in contrast with this in vivo diversity, fibroblasts 
cultured in vitro tend to display just a single rapid-growth phenotype, resulting from culture media 
with high concentrations of proliferative growth factors. Using fully defined and 1% serum media 
that allow accurate control of individual growth factor concentrations, we have developed two 
distinct media that deliver either high efficiency isolation and rapid proliferation (24 hour doubling 
time for extended periods) with low ECM production, or alternatively slower proliferation, >75% 
higher collagen secretion, and higher responsiveness to cytokine stimuli. These media enable the 
establishment of a broader range of fibroblast phenotypes in vitro, and increase the responsiveness of 
fibroblasts to external stimuli by reducing the masking effects caused by highly proliferative culture 
media. In addition, these media will also provide an ideal foundation for the identification of new 
culture environments that deliver the specific fibroblast phenotypes seen in vivo, including those 
found in the reticular and papillary dermis, as well as the dermal papilla.    
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Estrogen receptor alpha-mediated control of growth factor production from nipple fibroblasts
H Wu,1 DF Spandau,2 SS Tholpady,2 C Offutt,1 S Koyama1 and JG Foley1, 2 1 Medical 
Sciences, Indiana University School of Medicine, Bloomington, IN and 2 Dermatology, 
Indiana University School of Medicine, Indianapolis, IN
The development and maintenance of specialized epidermis requires inductive signals from the 
underlying dermal connective tissue. However, the specific signaling pathways that mediate these 
processes in many sites of specialized epidermis, including the nipple remain to be defined. Using 
grafting that permits recombination of the nipple-like tissues from the ventral skin of K14-PTHrP 
mice with those from wild type mice, we found that dermal cells are sufficient to induce a thickened 
hairless epidermis with appropriate markers. To identify potential inductive signaling molecules 
produced by nipple fibroblasts, gene expression was profiled using a Mouse Gene 2.0 ST microar-
ray (affymetrix) on sorted PDGFR+ ventral K14-PTHrP and wild type fibroblasts. Gene ontology 
analysis of 285 transcripts with >2-fold (P<0.05) differential expression in nipple fibroblasts iden-
tified pathways associated with matrix production and turnover, WNT, TGFβ, TNFα, and estrogen 
receptor alpha (ERa) signaling. Since many of the key pathway nodes are regulated by estrogen, we 
hypothesized that the hormone may be central in modulating nipple fibroblast matrix production, 
as well as growth factor-induced epidermal proliferation/differentiation. Nipple fibroblasts which 
express a four-fold increase in ERa protein have reduced levels of TGFβ-1 mRNA and protein both 
in vivo and in vitro. Phospho-smad 2,3 levels were also reduced in the dermis of nipple relative to 
surrounding ventral skin in both murine and human samples. Estrogen represses TGFβ-1 mRNA and 
protein in nipple fibroblasts, but not in those from ventral dermis. Studies that overexpress TGFβ-1 
in nipple connective tissue are currently underway. In summary, the fibroblasts that underlie the 
nipple have elevated levels of ERa, suggesting hormonal control of local growth factors that regulate 
both matrix production and epidermal differentiation/proliferation.    
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Defining mechanisms that regulate dermal adipose tissue in the skin
G Rivera Gonzalez and V Horsley MCDB, Yale University, New Haven, CT
Aging causes notable changes in the skin including alopecia, changes in pigmentation, and wrin-
kling. Notably, the regeneration of aged skin is drastically reduced, leading to trauma being one 
of the highest causes of death in people over 65. While several cell types including immune cells, 
keratinocytes, fibroblasts and adipocytes must communicate effectively to maintain tissue homeosta-
sis and skin regeneration. Recently, our laboratory identified adipocyte precursor cells (APCs) within 
the skin that display dynamic activity during hair follicle cycling and wound healing, when mature 
adipocytes are regenerated. Here, we show that both immature and mature adipocytes are lost during 
both chronological aging and depilation-induced aging, leading to diminished skin thickness with 
age. Since Pdgf is known to regulate aging in pancreatic b-cells and Pdgf signaling components 
are expressed in immature adipocytes in the dermis, we examined whether Pdgf signaling controls 
adipocyte homeostasis in the skin. To this end, we conditionally deleted Pdgfa in the skin’s dermis. 
Our data demonstrates that Pdgfa is necessary for maintenance of immature and mature adipocytes 
in the skin. We find that in adipocyte precursor cells, Pdgfa induces a unique genetic program that 
induces proliferation and suppresses adipocyte differentiation. Together, these data demonstrate that 
Pdgfa is essential for maintaining adipocyte precursor cells in the skin and may be altered with age.   
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Altered desmosome organization, endocytosis and desmosome splitting in pemphigus vulgaris 
epidermis as revealed by super-resolution microscopy
SN Stahley,1 M Warren,1 RJ Feldman,2 R Swerlick,2 A Mattheyses1 and A Kowalczyk1, 2 1 Cell 
Biology, Emory University, Atlanta, GA and 2 Dermatology, Emory University, Atlanta, GA
Pemphigus vulgaris (PV) is a devastating and potentially fatal autoimmune blistering disease in 
which autoantibodies are directed against the desmosomal cadherin desmoglein-3 (Dsg3). In vitro 
studies suggest multiple pathomechanisms including steric hindrance of the desmosomal cadherin 
adhesive interface, clustering and endocytosis of Dsg3, and cell signaling. However, little is known 
about the alterations in desmosomal protein organization that occur in PV patients. Therefore, we 
analyzed PV patient tissue by structured illumination microscopy (SIM), a form of super-resolu-
tion light microscopy. Consistent with prior studies in vitro, we observed Dsg3 and desmoplakin 
clustering, but no change in E-cadherin distribution. In support of PV IgG internalization in vivo, 
patient IgG colocalized with lipid raft markers CD59 and caveolin-1, as well as the early endo-
somal marker EEA1. Additionally, desmosomal proteins and PV IgG were observed in structures 
that were strikingly similar to the raft-containing endocytic linear arrays previously characterized 
in vitro. Finally, utilizing the high resolution of SIM, it was possible to directly assess desmosome 
morphology. In PV patients, both split and smaller ‘intact’ desmosomes were observed. Collec-
tively, these findings indicate that Dsg3 clustering and endocytosis are associated with reduced 
desmosome size and adhesion defects in PV patient epidermis. This study strongly suggests that 
cultured human keratinocytes exposed to purified patient IgG accurately model PV pathogenesis 
and provides a foundation for using advanced optical imaging to investigate the pathomechanisms 
of PV and other bullous diseases.    
480
Exclusion of insulin and IGF-1 receptors from caveolar domains by ganglioside GM3 mediates 
insulin resistance
DM Dam, JJ Park, B Kong, X Wang and AS Paller Dermatology, Northwestern University, 
Chicago, IL
Suppressed insulin/IGF-1 signaling (“insulin resistance”) is a cardinal feature of type II diabetes (T2D) 
and associated with delayed wound healing. Regulation of insulin/IGF-1 signaling in epidermis, 
however, is poorly understood. We have shown that GM3, a ganglioside increased in human dia-
betic foot skin, suppresses insulin/IGF-1 signaling in keratinocytes (NHEKs), inhibiting migration and 
proliferation. Indeed, impaired wound healing and suppressed epidermal IGF-1 receptor phosphor-
ylation (p-IGF1R) are reversed in diabetic mice by knockout or topically applied siRNA knockdown 
of GM3 synthase. Given the role of GM3 as a lipid raft organizer, we hypothesized that GM3 affects 
the caveolar IGF1R and insulin receptor (IR) localization and dynamics to suppress signaling. By 
confocal and TIRF microscopy and NHEK transduction of lentiviral YFP-IR and -IGF1R, we found 
total and p-IGF1R localized with caveolin-1 (cav-1) in caveolar domains after IGF-1 stimulation. 
Excess glucose (20 mM) or chronic exposure to TNF, drivers of insulin resistance, each increased 
GM3 content by 1.7-fold and decreased cav-1-IGFR-1 co-localization (66% and 62%, respectively) 
and co-immunoprecitation (59% and 52%, respectively) relative to vehicle treatment (NTC). TIRF 
fluorescence recovery after photobleaching (FRAP) showed that increased GM3 did not promote 
cav-1 movement (all mobile fractions 51-55%; p>0.2), but raised the mobile fractions of both IR 
(59% NTC to 69% glucose and 74% TNF; both p<0.001) and IGF1R (63% NTC to 76% glucose 
and 74% TNF; p = 0.012 and 0.013), suggesting mobility out of caveolar domains. GM3 hastened 
IR diffusion (from 42 s NTC to 36 s glucose and TNF-treated; p = 0.02 and 0.03) but slowed IGF1R 
diffusion (from 37 s NTC to 56 s glucose and 49 s TNF-treated; both p<0.001), suggesting non-as-
sociation of IR and IGF1R. Finally, GM3 decreased IR-IGF1R co-immunoprecipitation by 33% 
(glucose) and 38% (TNF). These data imply that the increased cutaneous GM3 in diabetes alters 
the localization, dynamics and association of signaling components within keratinocyte caveolae.   
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Beneficial effects of blood group antigen synthesis-increasing molecules on extracellular 
matrix protein production in vivo
M Choi1, 2, 3, J Oh1, 2, 3, M Shin1, 2, 3, S Lee1, 2, 3, D Lee1, 2, 3, S Jin1, 2, 3, M Kim1, 2, 3, S Cho1, 2, 4 and 
J Chung1, 2, 3 1 Department of Dermatology, Seoul National University College of Medicine, 
Seoul, Korea (the Republic of), 2 Laboratory of Cutaneous Aging Research, Biomedical 
Research Institute, Seoul National University Hospital, Seoul, Korea (the Republic of), 3 
Institute of Human-Environment Interface Biology, Medical Research Center, Seoul National 
University, Seoul, Korea (the Republic of) and 4 Department of Dermatology, Seoul National 
University Boramae Hospital, Seoul, Korea (the Republic of)
Recent study has indicated that expression of ABO blood group (ABH) antigens are reduced in the 
sun exposed skin, suggesting that ABH antigens may be implicated in photoaging process. Hence, we 
investigated the potential effects of ABH antigen synthesis-increasing molecules on the extracellular 
matrix protein production in human skin, which are mixtures of 5 natural plant extracts (Camellia 
sinensis leaf extract, Polygonum cuspidatum root extract, Ginkgo biloba leaf extract, Cynara scoly-
mus leaf extract, Selaginella tamariscina extract) and 5 monosaccharides (D-Glucose, D-Galactose, 
L-fucose, N-acetyl-D-glucosamine, N-acetyl-D-galactosamine). One-time topical application of 
the vehicle cream, composition TYPE I, containing 5 natural plant extracts, and composition TYPE 
II, containing 5 monosaccharides, to the healthy female human buttock skin (n=6) resulted in the 
increase of perlecan and fibrillin-1 staining by application of TYPE I and II, respectively. 24-week 
application to the facial skin with vehicle cream and composition TYPE III, containing all of the 
ingredients, to the healthy female volunteers (n=22 for each), resulted in no significant improvement 
of elasticity and wrinkle. However, immunohistochemistry with skin biopsies revealed that signifi-
cant increases of procollagen 1α, tropoelastin, and fibrillin-1 proteins in 24-week TYPE III-applied 
group (n=7), compared to the baseline of each individual. ABH blood group antigen staining showed 
increase in 4 of 7 individuals in TYPE III-applied group. These results suggest that these ingredients 
may help extracellular matrix protein production in human skin by long-term topical application 
for anti-aging cosmetic products.    
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UV irradiation-induced production of monoglycosylated biglycan through downregulation 
of xylosyltransferase 1 in cultured human dermal fibroblasts
M Han1, 2, 3, C Jin4, 2, 3, J Oh1, 2, 3, C Yao1, 2, 3, C Park1, 2, 3, Z Jin4 and J Chung1, 2, 3 1 Department 
of Dermatology, Seoul National University College of Medicine, Seoul, Korea (the Republic 
of), 2 Laboratory of Cutaneous Aging Research, Biomedical Research Institute, Seoul National 
University Hospital, Seoul, Korea (the Republic of), 3 Institute of Human-Environment 
Interface Biology, Medical Research Center, Seoul National University, Seoul, Korea (the 
Republic of) and 4 Department of Dermatology, Yanbian University Hospital, Yanji, China
Biglycan (BGN) is a proteoglycan composed of a 42-kDa core protein and two glycosaminoglycan 
(GAG) chains, and known to be involved in structural, space-filling functions and many physio-
logical regulations in the skin. To investigate ultraviolet (UV) irradiation-induced changes of BGN 
protein and its GAG chain synthesis UV irradiation-induced or xylosyltransferase (XYLT) 1 siRNA 
transfection-induced smaller-sized proteins were analyzed in cultured human dermal fibroblasts. 
After UV irradiation, intact form of BGN protein (I-BGN) and core protein form were reduced in cul-
tured fibroblasts, but other smaller-sized bands were observed to be increased. These smaller-sized 
ones were reduced by transfection of BGN siRNA, and shifted to the core protein size by treatment 
with ChABC, suggesting that they are defectively-glycosylated forms of BGN protein. UV irradiation 
also decreased mRNA expression levels of XYLT1 and 2, which are responsible for initiation of GAG 
chain synthesis. UV-mediated reduction of XYLT1 expression was much stronger than that of XYLT2. 
Furthermore, siRNA-mediated down-regulation of XYLT1 resulted in the increase of defectively-gly-
cosylated forms of BGN and the decrease of I-BGN, while down-regulation of XYLT2 resulted in 
no increase of defectively-glycosylated forms of BGN and no decrease of I-BGN, suggesting that 
the XYLT1 may react with both GAG-attaching serine sites of BGN; however, XYLT2 may prefer to 
react one of them, when XYLT1 is absent. In conclusion, UV irradiation-induced increase of BGN 
monoglycosylated forms in cultured human dermal fibroblasts is resulted from dominance of XYLT2 
activity caused by UV-mediated stronger reduction of XYLT1.    
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Analysis of glycosaminoglycan composition change in intrinsically aged and photoaged human 
skin in vivo
J Oh1, 2, 3, D Lee1, 2, 3, M Shin1, 2, 3, Y Kim1, 2, 3, K Kim1, 2, 3 and J Chung1, 2, 3 1 Department of 
Dermatology, Seoul National University College of Medicine, Seoul, Korea (the Republic of), 
2 Laboratory of Cutaneous Aging Research, Biomedical Research Institute, Seoul National 
University Hospital, Seoul, Korea (the Republic of) and 3 Institute of Human-Environment 
Interface Biology, Medical Research Center, Seoul National University, Seoul, Korea (the 
Republic of)
Glycosaminoglycans (GAGs) have various structural and physiological regulatory functions in 
skin, including tissue water maintenance, due to their high water-holding capacity. Previously, 
we reported dermal decrease of total sulfated GAG (tsGAG) during intrinsic aging and increase 
of tsGAG and HA during photoaging. In this study, to investigate further analysis of tsGAG com-
position changes, a new combinational method was applied to determine the changes in CS and 
DS amounts during skin aging, using a tsGAG assay kit and chondroitinase ABC (ChABC) and AC 
(ChAC). Human skin samples of sun-protected buttock and sun-exposed forearm were obtained 
from young subjects (n=16, 26.2±4.5 yr) and old subjects (n=16, 74.4±3.2 yr). After separation of 
epidermis from dermis, tissue GAG samples were prepared by overnight proteinase K treatment. 
Thereafter, dermal tsGAG contents were measured by a sulfated GAG assay kit, with or without 
enzymatic degradation by ChABC or ChAC for 24 hours. By this method, CS, DS, and the sum 
of keratan sulfate (KS), heparin (HP), and heparan sulfate (HS) in tissue GAG samples could be 
calculated. Using this method, decrease of dermal CS, DS, and the sum of other GAG contents in 
intrinsically aged skin was revealed. In contrast, dermal CS, and the sum of other GAG contents 
were increased in photoaged skin, compared to the same individual’s intrinsically aged skin, while 
DS showed no increase during photoaging. Furthermore, immunohistochemical expression of DS 
proteoglycans, biglycan and decorin, was decreased both in aged buttock and forearm tissues, and 
which are consistent with the results by new method. These intrinsic aging- and photoaging-de-
pendent GAG and DS proteoglycan changes suggest that decrease of DS and DS proteoglycan may 
have a critical role in skin aging.    
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TGFβ release by fibroblasts requires regulated secretion via autophagosomes
J Nuechel,2 K Blumbach,1 K Schoenborn,1 J Schulz,1 A Zuk,2 G Sengle,2 G Brunner,3 T Krieg,1 
M Plomann2 and B Eckes1 1 Dermatology, University of Cologne, Cologne, Germany, 2 
Biochemistry, University of Cologne, Cologne, Germany and 3 Cancer Research, Fachklinik 
Hornheide, Muenster, Germany
Myofibroblasts are essential effector cells in fibrosis depositing the vast amounts of extracellular 
matrix that lead to tissue stiffness. Their formation depends on perception of mechanical forces and 
presence of TGFβ. We showed previously that ILK (integrin-linked kinase)-null fibroblasts release 
severely reduced TGFβ amounts. Mice with specific ablation of ILK in fibroblasts demonstrated 
marked reduction of skin fibrosis upon bleomycin injection and failed to form myofibroblasts, 
suggesting that fibroblast-generated TGFβ is crucial for their formation. We showed that TGFβ 
transcription/translation was normal but secretion was blocked. TGFβ is released as latent growth 
factor complex. Activation is achieved extracellularly by integrin-mediated forces opening the latent 
complex or by proteolysis. Using gene ablation and silencing in fibroblasts, we show that release 
of latent TGFβ1 crucially depends on low RhoA activity, which is controlled by GRAF-1. GRAF-1 
localizes to focal adhesions and is maintained in its active conformation by direct interaction with 
ILK. Accordingly, fibroblasts with low ILK or GRAF-1 levels display high RhoA and low Rac1 activ-
ity and show severely impaired TGFβ secretion. TGFβ secretion is also virtually abrogated upon 
suppression of autophagy by ablating Atg5 in fibroblasts, indicating a link to regulated secretion by 
autophagosomes. Indeed, silencing of Rab8, required for this pathway, also impairs TGFβ release. 
Together, our results demonstrate that in fibroblasts, latent TGFβ is almost exclusively exported via 
regulated secretion. We have deciphered the molecular mechanism, which is linked to integrins 
via ILK that is essential for balancing RhoA/Rac1 activity, which in turn regulates autophagosome 
maturation. Thus, besides their well documented role in TGFβ activation in the extracellular space, 
integrins are essential for controlling intracellular TGFβ trafficking regulating myofibroblast differ-
entiation and fibrosis.    
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Deglycation activity of a combination of Salvia miltiorrhiza extract and Niacin
S Leoty-Okombi, J Saget, A Boher, A Gaydon, O Freis and V Andre-Frei BASF Beauty Care 
Solutions, Lyon, France
Fighting glycation represents a strategic way to protect skin from aging. A lot has been done to 
prevent glycation (antiglycation), but there has been little progress in reversing this process and 
decreasing the global glycation level of the skin. The purpose of our study is to design tests to eval-
uate the deglycation potential of a combination of Salvia miltiorrhiza extract and Niacin. Firstly, 
we set up an in tubo model to demonstrate the decrease of CML adducts (Advanced Glycation 
Endproduct) in glycated collagen using the competitive ELISA method. After 24h of incubation, our 
extract showed a significant decrease (- 30%) in preformed CML-adduct in comparison to untreated 
glycated collagen. Here, we can hypothesize that our extract acted as an AGE breaker, as it was 
incubated with isolated glycated collagen without any cellular repairing system. Secondly we also 
studied the evolution of CML and vimentin (marker of the cell integrity), on a glycated fibroblast 
culture model. We observed a CML staining reduction (-85%) with the combination. Vimentin 
distribution was concentrated around the perinuclear area in glycated fibroblasts while fibroblasts 
retrieved normal wide-spread vimentin distribution and fused cellular shape with the combination. 
After cyclic stretching, many different cell types tend to reorient themselves nearly perpendicular 
to the direction of stretch to protect them from deformation, but this reorientation is diminished 
by glycation. We observed with our combination that glycated fibroblasts recover their motility. 
To complete this study a clinical study was designed and performed on a thirty volunteers. Skin 
fluorescence linked to AGEs’ accumulation was significantly decreased ; Interestingly, skin biome-
chanical properties and skin yellowness were also improved.    
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Lysyl hydroxylase 3 localizes to epidermal basement membrane and is reduced in patients 
with recessive dystrophic epidermolysis bullosa
S Watt,1 J Dayal,1 S Wright,1 C Pourreyron,1 J McMillan,2 M Riddle,3 I McLean,1 I Leigh,1 
J McGrath,4 J Salas-Alanis,5 J Tolar3 and AP South6, 1 1 University of Dundee, Dundee, 
United Kingdom, 2 St Thomas Hospital, London, United Kingdom, 3 University of Minnesota, 
Minneapolis, MN, 4 Kings College London, London, United Kingdom, 5 University of 
Monterrey, Monterrey, Mexico and 6 Thomas Jefferson University, Philadelphia, PA
Recessive dystrophic epidermolysis bullosa (RDEB) is caused by mutations in COL7A1 result-
ing in reduced or absent type VII collagen, aberrant anchoring fibril formation and subsequent 
dermal-epidermal fragility. Here, we identify a significant decrease in PLOD3 expression and its 
encoded protein, the collagen modifying enzyme lysyl hydroxylase 3 (LH3) in RDEB. We show 
abundant LH3 localising to the basement membrane in normal skin which is severely depleted 
in RDEB patient skin. We demonstrate expression of LH3 in keratinocytes is in-part regulated by 
endogenous type VII collagen and that, in agreement with previous studies, even small reductions 
in LH3 expression lead to less secreted LH3 protein. Exogenous type VII collagen did not alter 
LH3 expression in cultured RDEB keratinocytes and we show that RDEB patients receiving bone 
marrow transplantation who demonstrate increase in type VII collagen derived from donor marrow 
cells do not show increased levels of LH3 at the basement membrane. Our data report a direct link 
between LH3 and endogenous type VII collagen expression concluding that reduction of LH3 at 
the basement membrane in patients with RDEB will likely have significant implications for disease 
progression and therapeutic intervention.    
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Self-delivering RNAi compounds targeting collagenase 1
K Holton, M Maxwell, J Cardia, L Pandarinathan and K Bulock RXi Pharmaceuticals, 
Marlborough, MA
The extracellular matrix (ECM) is a dynamic scaffold containing collagens and proteoglycans that 
supplies structural and biochemical support to cells and tissue. The ECM is involved in cell adhesion, 
growth, apoptosis and cell-to-cell signaling and tight regulation is critical to the viability and proper 
functioning of its associated cells and the tissue it comprises. Matrix metalloproteinases (MMPs) are 
proteins whose primary function is regulation of ECM components. MMP upregulation results in 
ECM degradation and has been implicated in the pathogenesis of diseases such as chronic obstruc-
tive pulmonary disease, neurodegenerative diseases and fibrosis, as well as skin aging and UVB 
irradiation damage. Collagenase 1 (MMP1) is the enzyme responsible for Collagen 1 degradation. 
Elevated levels of MMP1 have been detected in a range of pathophysiologic processes such as 
arthritis, atherosclerosis and thrombosis. Over-expression of MMP1 has also been associated with 
tumorigenesis and metastasis in many cancers including lung, breast, and melanoma. Due to the 
wide range of clinical applications, MMP1 is an attractive target for RNAi gene silencing. Self-de-
livering rxRNA (sd-rxRNA®) is a proprietary platform of RNAi compounds that demonstrate potent 
activity, stability, and reduced immune stimulation and are rapidly and efficiently taken up by cells 
without a transfection reagent or delivery vehicle. We have designed, synthesized and screened 
40 compounds to reduce MMP1 mRNA expression. For the in vitro screens, the fibrosarcoma cell 
line HT-1080 was treated with MMP1 targeting sd-rxRNAs for 48 hours, then MMP1 mRNA levels 
were analyzed by the branched DNA Assay. The preliminary screen resulted in five compounds 
that demonstrated a dose dependent reduction in MMP1 mRNA levels. Subsequent testing of these 
sd-rxRNAs resulted in a dose dependent reduction of Collagenase 1 protein, in line with the MMP1 
mRNA silencing. Further optimization and characterization of these compounds are ongoing. An 
update on current studies and progress toward lead selection will be provided.    
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Palmitoylation of the desmosomal cadherins is important for protein stability and assembly 
dynamics
BJ Roberts, R Svoboda, K Johnson and JK Wahl Oral Biology, University of Nebraska Medical 
Center, Lincoln, NE
Desmosomes are prominent adhesive junctions present between epidermal keratinocytes. The 
desmosomal cadherins, desmogleins (Dsgs) and desmocollins (Dscs), are transmembrane compo-
nents that mediate adhesion in their extracellular domains and recruit desmosomal plaque proteins 
through their cytoplasmic domains. While these adhesion molecules are known to be critical 
determinants of tissue integrity, the mechanisms controlling desmosome assembly and remodeling 
in the skin remain poorly understood. We recently identified protein palmitoylation as a mechanism 
regulating desmosome dynamics. In this study we have focused on the palmitoylation of the desmo-
somal cadherins (desmoglein-2 and desmocollin-2a) and the role of palmitoylation on desmosomal 
cadherin localization and stability in cultured cells. We identified two conserved cysteine residues 
in the juxtamembrane domain of the desmosomal cadherins as palmitoylated residues and mutation 
of these cysteines results in loss of desmosomal cadherin palmitoylation. While mutant desmosomal 
cadherins localize to endogenous desmosomes in HaCat keratinocytes, there is a significant delay 
in junction incorporation and we observed an increase in the mutant protein partitioned to triton 
X-100 soluble pool compared to the wild type protein. We also show that desmosomal cadherin 
residing at the cell surface is altered and protein stability of the desmosomal cadherins are influ-
enced by palmitoylation status, as the mutant proteins have increased rates of internalization and 
degradation. Taken together these data suggest that desmosomal cadherin palmitoylation regulates 
protein transport to the plasma membrane and stability at the cell surface. Modulation of the pal-
mitoylation status of desmosomal cadherins has the potential to affect assembly of desmosomes 
between epidermal keratinocytes.    
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Differential requirement for HB-EGF vs. amphiregulin for survival of malignant vs. normal 
epithelial cells
SW Stoll1 and JT Elder1, 2 1 Dermatology, University of Michigan, Ann Arbor, MI and 2 Ann 
Arbor VA Hospital, Ann Arbor, MI
EGFR signaling plays a critical role in the proliferation and survival of normal and malignant epithe-
lial cells, yet little is known about the contribution of individual EGFR ligands to these processes. 
Studying human keratinocytes (KC), we have shown that overexpression of heparin-binding EGF-
like growth factor (HB-EGF) promotes epithelial-mesenchymal transition, whereas amphiregulin 
(AREG) silencing induces differentiation and inhibits proliferation. To compare the function of these 
growth factors in normal vs. malignant epithelial cells, we transfected lentiviral shRNA constructs 
targeting HB-EGF and AREG into MCF7, MDA-MB231 and MDA-MB468 breast cancer (BC) cells, 
UM-SCC22A and 22B cells derived from paired primary and metastatic oral SCCs, as well as 
TERT-immortalized normal skin and oral KC. After infection, cells were cultured for 8 days, followed 
by observation and/or flow cytometric cell counting. Knockdown (KD) efficiency was demonstrated 
by qPCR of parallel cultures (74% to 85% KD 48 h after infection, n=2-3). Remarkably, HB-EGF 
silencing profoundly affected the survival of all BC lines as well as skin and oral KCs, with virtually 
complete loss of cells by eight days after infection (> 97% vs control, n=2-4) accompanied by pro-
nounced membrane blebbing. In contrast, AREG silencing led to a more modest reduction in BC 
cell numbers (27%–59%, n=2-4), whereas near-complete cessation of growth was observed after 
AREG silencing in normal skin and oral KC. This differential effect was also observed for oral SCC 
cells. Differential EGFR ligand expression cannot account for this effect, as all cell lines expressed 
AREG and TGF-alpha at similar or higher levels compared to HB-EGF. These results demonstrate 
a selective function of HB-EGF compared to AREG for survival of malignant vs. normal epithelial 
cells, with implications for targeted cancer therapy.    
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RDEB fibroblast-derived periostin promotes the invasion of squamous cell carcinoma 
X Wang, Y Hou, J Cogan, O Lai, W Ning, DT Woodley and M Chen Dermatology, University 
of Southern California, Los Angeles, CA
Periostin, an extracellular matrix macromolecule (ECM), is over-expressed in many cancers and 
implicated in multiple steps of metastasis, invasion and angiogenesis. Recessive dystrophic epider-
molysis bullosa (RDEB) patients develop aggressive squamous cell carcinomas (SCCs). Cancer-as-
sociated stromal cells create a permissive microenvironment for progression of many cancers. 
Compared with normal dermal fibroblasts (NDFs), several studies showed that RDEB fibroblasts 
exhibit an increase in many ECMs, one or more of which may be permissive for SCCs. In this study, 
we found that compared with normal subjects, periostin was markedly elevated in the skin and 
blood of RDEB patients. Furthermore, compared with NDFs, cultured fibroblasts from RDEB patients 
(N = 20) exhibited a 3 - 30 fold increase in periostin mRNA and a 3 - 80 fold increase in periostin 
protein. siRNA-mediated reduction of C7 in NDFs led to increased periostin, while re-expression 
of C7 in RDEB fibroblasts via molecular engineering decreased the level of periostin. We used a 
SCC line, SCC25, and a metastatic breast carcinoma line, MDA-MB-231, to evaluate invasion 
through MatriGel in Transwell assays. Compared with conditioned medium (CM) from NDFs, CM 
from RDEB fibroblasts promoted invasion of both cell lines and the invasion correlated with the 
level of periostin in the CM. Likewise, supplementing CM from NDFS with periostin enhanced SCC 
invasion. Concordantly, siRNA silencing of periostin in RDEB fibroblasts resulted in >70% reduction 
in cancer cell invasion. The addition of recombinant periostin to CM of periostin knockdown cells 
restored their ability to drive SCC invasion. Periostin-dependent invasion was significantly reduced 
by inhibiting PI3K/AKT in SCC25, as in other cancers. In an in vivo cancer model, athymic nude 
mice were injected with SCC cells combined with NDFs or RDEB fibroblasts, the latter resulting in 
large tumors. Taken together, these data suggest that over-expression of periostin in RDEB fibroblasts 
plays a critical permissive role for SCC development in RDEB patients.    
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Rapamycin modulates the glucocorticoid receptor functions, blocks atrophogene REDD1 
expression, and protects skin against steroid-induced atrophy 
E Lesovaya,2 E Vinokour,1 G Baida,1 P Bhalla,1 K Kirsanov,2 M Yakubovskaya,2 L Platanias,3 
B Readhead,4 J Dudley4 and I Budunova1 1 Dermatology, Northwestern University, Chicago, 
IL, 2 Blokhin Cancer Center, Moscow, Russian Federation, 3 RHLCCC, Northwestern 
University, Chicago, IL and 4 Icahn School of Medicine at Mount Sinai, New York, NY
Skin atrophy is a major adverse effect of topical glucocorticoids and is a serious clinical problem. We 
recently reported that REDD1 (regulated in development and DNA damage 1), a negative regulator 
of mTOR, is induced by glucocorticoids in human and mouse skin where it acts as an atrophogene 
and appears to be one of the key drivers in steroid-induced skin atrophy. As there are no known 
pharmacological REDD1 inhibitors, we performed bioinformatics screening of 1,600 FDA-approved 
compounds to identify drug repurposing candidates to suppress a major REDD1-related atrophic 
gene network module in skin. We identified several candidate compounds including rapamycin. 
The prediction that rapamycin can act as anti-atrophogene was unexpected as it inhibits mTOR, a 
major regulator of protein synthesis/cell growth. We found that rapamycin indeed reduced basal 
and glucocorticoid-activated REDD1 mRNA/protein expression in keratinocytes and lymphoid 
cells in vitro, and in skin in vivo. More unexpectedly, rapamycin strongly modified functions of 
the glucocorticoid receptor (GR) in all studied cell types. It inhibited glucocorticoid-induced GR 
phosphorylation, nuclear translocation/retention, and activation of GRE.Luciferase reporter as well 
as endogenous GR target genes (REDD1, FKBP51, GILZ). At the same time, rapamycin enhanced 
glucocorticoid repressive effect on endogenous pro-proliferative and pro-inflammatory genes and 
NF-kB.Luciferase reporter. Remarkably, skin pretreatment with rapamycin significantly protected 
it against glucocorticoid fluocinolone acetonide (FA) atrophic effects but did not alter FA anti-in-
flammatory activity in ear edema test, suggesting clinical potential of rapamycin/glucocorticoid 
combination in dermatology.    
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Reduced mechanical force suppresses extracellular matrix production via specific down-reg-
ulation of TGF-β type II receptor in adult human dermal fibroblasts: Implications for the role 
of mechanobiology in skin aging
T Quan, Z Qin, Y Shao, T He, JJ Voorhees and GJ Fisher Department of Dermatology, 
University of Michigan, Ann Arbor, MI
The structural integrity of human skin is largely dependent on the quality of the dermal extracellular 
matrix (ECM), which is produced, organized, and maintained by dermal fibroblasts. Normally, fibro-
blasts attach to the ECM and thereby exert mechanical force to achieve spread morphology. In aged 
human skin, fragmentation of the ECM lessens fibroblast attachment, resulting in reduced spreading. 
In this study, we investigated the relationship among fibroblast spreading, mechanical force, and 
TGF-β signaling, which regulates ECM production. Fibroblasts were embedded in mechanically 
constrained or unconstrained three-dimensional collagen matrices. Decreased fibroblast spreading, 
which occurs in unconstrained matrices, coincided with reduced cellular mechanical force, mea-
sured by atomic force microscopy. Fibroblast surface area, traction force, and tensile strength were 
reduced 76%, 56% and 55%, respectively, while deformation was increased 2-fold (all p<0.05, 
n=8). Reduced spreading/mechanical force impaired TGF-β signaling, due to specific down-reg-
ulation of TGF-β type II receptor (TβRII). TβRII mRNA and protein were substantially decreased 
(57% and 72%, respectively, p<0.05, n=3), resulting in approx. 80% loss of TGF-β1-binding to 
fibroblasts. TβRII-dependent activation of its downstream effector Smad3, and Smad3-regulated, 
essential ECM components, type I collagen, fibronectin and connective tissue growth factor (CTGF/
CCN2) were all reduced greater than 80% (p<0.05, n=6). Importantly, these inhibitory effects of 
reduced spreading/mechanical force were largely overcome by restoration of TβRII, by transient 
transfection, (p<0.05, n=6). These data reveal a novel mechanism by which fibroblast spreading/
mechanical force controls ECM production via regulation of TGF-β expression. The results support 
the importance of mechanobiological processes in mediating the reduction of TβRII and ECM 
production that occur in aged human skin.    
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Oxidative stress reduces collagen production through eIF2α-dependent down-regulation of 
transforming growth factor-beta signaling pathway in human dermal fibroblasts
T He, T Quan, JJ Voorhees and GJ Fisher Department of Dermatology, University of 
Michigan, Ann Arbor, MI
Oxidative stress is considered a major contributor to decline of function during aging. Skin thinning 
and fragility in the aged largely reflects loss of dermal collagen. Oxidative stress reduces type I 
collagen (COL) production in human dermal fibroblasts. This decrease results from impairment 
of transforming growth factor-β (TGF-β) pathway, a major regulator of COL expression. Oxidant 
exposure reduces both type II TGF-β receptor (TβRII) and its downstream effector, transcription 
factor Smad3. We have investigated the mechanism of oxidant-mediated reduction of TβRII and 
Smad3 in human dermal fibroblasts. Studies employing cyclohexamide inhibition of protein syn-
thesis and metabolic labeling revealed that oxidant-induced loss of TβRII and Smad3 result from 
reduced protein synthesis (84% and 87%, respectively; n=3, p<0.05), without altering degradation 
rates. Knockdown of DROSHA did not alter TβRII or Smad3 levels, indicating that oxidant-induced 
reductions are miRNA-independent. Eukaryotic initiation factor 2α (eIF2α) is a key regulator of 
protein synthesis. Phosphorylation renders it inactive. Oxidative exposure significantly stimulated 
eIF2α phosphorylation, while total eIF2α was unchanged. Phosphorylation of eIF2α was induced 
within one day of oxidative exposure (2.8 fold, n=6, p<0.01), and remained elevated for at least 
seven days. Knockdown of eIF2α reduced TβRII, Smad3, and COL protein levels by 35%, 73% and, 
46%, respectively. Treatment with salubrinal, a specific inhibitor of eIF2α phosphatase, elevated 
phosphorylated eIF2α 2.7 fold (n=3, p<0.05), and reduced TβRII, Smad3, and COL protein levels 
79%, 35%, and 55%, respectively (n=3, p<0.05). Neither type I TGF-β receptor (TβRI), nor Smad2 
protein levels were altered by salubrial or eIF2α knockdown. These data support the concept 
that adaptive responses of dermal fibroblasts to oxidative stress involve reduced COL production 
via elevated phosphorylation of eIF2α to specifically reduce TβRII and Smad3 protein synthesis.   
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The role of the hemidesmosomal protein BP180 in granulopoiesis
L Lin1, 2, B Hwang3, 2, N Li,2 LA Diaz2 and Z Liu2, 3, 1 1 Oral Biology Program, University of 
North Carolina, Chapel Hill, NC, 2 Dermatology, University of North Carolina, Chapel Hill, 
NC and 3 Microbiology and Immunology, University of North Carolina, Chapel Hill, NC
BP180 (also termed type XVII collagen) is a transmembrane hemidesmosomal protein and plays a 
critical role in cell-cell matrix adhesion as evidenced by skin blistering diseases bullous pemphigoid 
(BP) and generalized atrophic benign epidermolysis bullosa (GABEB). BP subepidermal blistering is 
caused by autoantibodies against the immunodominant domain of BP180 (termed NC16A), while 
GABEB patients have mutations in gene encoding BP180. However, other functions of BP180 are 
largely unknown. Here, we generated NC16A domain-deleted mice (termed ΔNC16). ΔNC16 mice 
at the age of 8 weeks old showed GABEB skin phenotype, including skin erosion and dermal-epider-
mal separation. Besides these skin abnormalities, ΔNC16 mice also developed myeloid hyperplasia 
in multiple immune organs and circulation. The affected granulopoiesis was originated in stromal 
cell compartment of the bone marrow since transplantation of ΔNC16 mouse bone marrow corrected 
the myeloid hyperplasia. G-CSF is a key regulator of extrinsic factor for granulocytes differentiation, 
proliferation and maturation and NF-kB signaling pathway induces production of G-CSF and other 
pro-inflammatory cytokines. Therefore, we determined whether deficiency of BP180 functions leads 
to altered G-CSF expression and NF-kB activation. We found that levels of G-CSF were significantly 
increased in bone marrow (BM) and circulation of ΔNC16 mice compared to WT mice. We also 
observed increased activation of NF-kB signaling pathway in BM and BM-derived mesenchymal 
stem cells of ΔNC16 mice. Taken together, we demonstrate the first time that BP180 functional 
deficiency results in granulocyte hyperplasia. These results strongly suggest that BP180 regulates 
homeostasis of granulocytes via NF-kB signaling pathway and G-CSF expression in BM. Our findings 
also help better understand molecular mechanisms of BP180-related diseases and provide potential 
therapeutic strategies for these skin disorders.    
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Topical solenopsin analogs improve inflammation and acanthosis in the KC-Tie2 mouse model 
of psoriasis
JL Arbiser,1 KA Michaels,2 RS Nowak,2 M Bonner,1 I Karlsson,1 Y Fritz2 and NL Ward2 1 
Dermatology, Emory University, Atlanta, GA and 2 Dermatology, Case Western Reserve 
University, Cleveland, OH
The KC-Tie2 model of chronic skin inflammation expresses the Tie2 tyrosine kinase receptor in 
keratinocytes and is a well-accepted model of psoriasis. Current topical treatments for psoriasis 
include steroids, retinoids, vitamin D analogs and immunomodulatory agents, however each of 
these has unique limitations and challenges. Solenopsin is a small molecule alkaloid that mimics 
the physiologic activities of ceramide, namely induction of mitophagy and relocation of the tumor 
suppressor PTEN to lipid rafts. We synthesized novel solenopsin analogs, S12 and S14, based upon 
the length of the alkyl side chain on the piperidine ring and validated their biological activity in 
vitro. We hypothesized topical S12 and S14 could improve cell hyper-proliferation and inflamma-
tion in vivo. To test this hypothesis, analogs were compounded into a 1% formulation in Lipoderm 
and applied 1x/d for 28d to the dorsum of adult KC-Tie2 mice with well-established psoriasis-like 
skin inflammation. Both topical S12 and S14 significantly reduced epidermal thickness (n=8-9/
grp; 29-35%; P<0.001) vs. vehicle control. Analysis of immune parameters demonstrated that both 
analogs reduced CD4+ T cell infiltration (35-46%; P<0.001), and S14 also reduced CD8+ T (47%; 
P<0.01) and CD11c+ cell infiltration (18%; P=0.04). To identify potential mechanisms of action 
mediating disease improvement, gene expression array analyses were performed on vehicle control 
vs. analog-treated skin. Transcripts down-regulated by both compounds vs. vehicle included inter-
leukin-34 (IL-34), a critical factor in promoting differentiation of IL-17 and periredoxin 1 (PRDX1), 
which is known to accentuate TNFα mediated inflammation. Kallikrein (KLK) family gene expression 
was also downregulated by S12 and S14 treatment. Our data indicates that solenopsin analogs act 
through novel anti-inflammatory pathways in KC-Tie2 mice and suggests that S12 and S14 analogs 
may offer novel topical therapies for psoriasis.    
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Role of integrin-linked kinase in keratinocyte survival
L Dagnino and M Im Physiology and Pharmacology, Western University, London, ON, 
Canada
Epithelial cells interact with extracellular matrix (ECM) substrates via integrins for survival. In the 
absence of these interactions, epithelial cells undergo anoikis through pathways that involve caspase 
activation and reduction in mitogen-activated kinases and PKB/Akt. Integrin-linked kinase (ILK) 
is a ubiquitous scaffold protein that mediates cellular responses to integrin stimulation by ECM 
proteins. To determine the role of ILK in transducing survival signals from integrins, we generated 
epidermal keratinocytes with targeted inactivation of the Ilk gene. ILK-deficient keratinocytes display 
reduced attachment to and spreading on ECM substrates. We now demonstrate that these cells show 
increased apoptosis in the presence and absence of growth factors, and in spite of having normal 
levels of active Akt. Decreased viability occurs through intrinsic apoptosis pathways, and involves 
mitochondrial translocation of Bax, and caspase-3 activation. Significantly, the absence of ILK in 
keratinocytes also leads to increased production of reactive oxygen species (ROS). These alterations 
in REDOX state, in turn, lead to a 10-fold increase in the levels of phosphorylated histone H2A.X 
(γH2A.X), a marker of DNA double-strand breaks. Treatment of these cells with antioxidants reduces 
DNA damage and increases cell viability. Thus, ILK is a key modulator of cellular redox state and 
participates in the maintenance of DNA integrity in epidermal keratinocytes.    
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Intra-abdominal adhesions: Potential pathogenic role of fibronectinEDA and Gli1+ cells
CF Lotto1, 2, E Macarak2, 3, X Jin2, 3, E Rosato,1 J Uitto3 and J Rosenbloom2, 3 1 Surgery, Thomas 
Jefferson University, Philadelphia, PA, 2 The Joan and Joel Rosenbloom Research Center 
for Fibrotic Disease, Thomas Jefferson University, Philadelphia, PA and 3 Dermatology and 
Cutaneous Biology, Thomas Jefferson University, Philadelphia, PA
Intra-abdominal adhesions are a major source of post-surgical morbidity. It is highly likely that a 
limited number of cellular and molecular mechanisms are responsible for the formation of the scar 
tissue itself composing the adhesion. The critical cell in this process is the activated fibroblast or 
myofibroblast which produces increased amounts of extracellular matrix proteins. The accumu-
lation of myofibroblasts and the uncontrolled persistence of their elevated biosynthetic function 
are crucial determinants of the extent and rate of progression of the fibrotic reaction and clinical 
course. Although there are several potential sources of activated myofibroblasts, recent evidence 
has implicated tissue resident Gli1+ mesenchymal stem cells as the major origin of organ fibrosis in 
solid organ injury. Fibronectins are high molecular weight glycoproteins that accumulate in tissues 
as insoluble extracellular matrix components. The EDA containing fibronectin variant (FnEDA) has 
been shown to function as a structural matrix scaffold and signaling molecule and it also plays a role 
in myofibroblast differentiation. In addition to being a necessary element in normal wound healing, 
its production has been shown to be increased in fibrotic diseases. Our study seeks to elucidate 
whether FnEDA and Gli1+ cells have a role in intra-abdominal adhesions. Using immunofluorescence 
histochemistry, we identified an abundance of FnEDA as well as perivascular and interstitial Gli1+ 
cells in adhesion samples from patients undergoing repeat intra-abdominal surgery. Little to no 
immunofluorescence of FnEDA or Gli1+ was seen in surrounding intra-abdominal adipose tissue. 
Although the cause of elevated FnEDA and the presence of Gli1+ cells has yet to be determined, their 
presence in pathologic adhesions suggests they may be therapeutic targets.    
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Matrilin-2 and ADAMTS-4 express in aggressive basal cell carcinomas and regulate basal 
cell carcinomas progression
Z Wang, F Xiong, M Lu, C Breen and S Iwamoto Department of Dermatology, Roger Williams 
Medical Center, Providence, RI
Tumor invasion is a pivotal point in the progression of skin cancer. The tissue environment imme-
diately surrounding the skin cancer has been increasingly implicated in tumor invasion, as well 
as tumor growth and metastasis. Matrilin-2 is an extracellular matrix protein that is present at low 
levels in normal skin. However, the pathological function of martilin-2 in basal cell carcinomas 
(BCC) remains unclear. To comprehensively characterize matrilin-2 biological function in BCC, 
three major subtypes of human BCC specimens were immunostained with matrilin-2. Skin tissue 
structure was clarified with H&E staining. Lower amounts of matrilin-2 protein was restricted to 
a narrow zone close to the basement membrane at the dermal-epidermal junction and to areas 
around vessels and appendages of all three subtypes of BCC cases. In the BCC peristromal, higher 
amount of matrilin-2 expression was detected. Matrilin-2 was highly expressed in the stroma of 
all 25 nodular and 11 infiltrative BCC subtype cases. In the superficial subtype BCC, two cases 
(33%) showed modulative matrilin-2 staining in the stroma surrounding nests of basaloid cells. 
Three cases (50%) showed low matrilin-2 staining in the stroma surrounding nests of basaloid 
cells. Only one case showed matrilin-2 negative staining . Matrilin-2 is mainly expressed in the 
carcinoma associated fibroblast and inhibits carcinoma cell proliferation, migration and invasion. 
We also found matrilin-2 is proteolytic cleaved in the BCC. Previously, we found that matrilin-2 
is proteolytic cleaved by ADAMTS-4 in chondrocytes and mouse urine bladders. In this study, we 
first demonstrate that ADAMTS-4 is expressed in the skin basal cell carcinoma. This study suggests 
that peritumoral stromal extracellular matrix protein matrilin-2 synthesis and degradation involve 
the basal cell carcinoma progression through regulating carcinoma proliferation and invasion.   
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Anti-ageing clinical efficacy of stabilized retinol is associated with the stimulation of hyal-
uronic acid production
R Parsa, H Wong, Y Hu, S Kaur, M Randhawa and M Southall Global Skin Care R&D, Johnson 
& Johnson Consumer Products WW, Skillman, NJ
Skin aging and photodamage is associated with increased formation of wrinkles and loss of mois-
ture. The key molecule most abundant in skin and involved in skin moisture is hyaluronic acid 
(HA), known to bind and coordinate large volume of water in the skin. HA levels in skin decline 
with age, which may contribute to wrinkle formation and the decreased moisture in skin aging 
and photodamage. Retinoic acid (RA) is a potent inducer of HA production in the epidermis. 
The RA precursor retinol (ROL) has also been shown to induce HA production and Hyaluronic 
Acid Synthase3 (HAS3) gene expression in keratinocyte monolayer cultures. Clinical trials have 
demonstrated that topically applied ROL effectively reduce wrinkles. In the current study ROL was 
shown to induce HA production and stimulate the gene expression of all 3 forms of HAS in human 
keratinocyte and fibroblasts monolayer cultures. Moreover, topical treatment of both epidermal and 
full-thickness human skin equivalent tissues with a stabilized ROL formulation significantly induced 
the gene expression of all 3 forms of HAS mRNA concomitant with an increased HA secretion. In 
normal human full-thickness skin explants, topical treatment with increasing doses of a stabilized 
ROL formulations induced HAS2 and HAS3 mRNA dose dependently. CRABPII and HbEGF mRNA 
also increased dose-dependently, confirming the stabilized retinol’s ability to induce a retinoic-acid 
receptor–mediated response. Finally, in a vehicle-controlled clinical study, histochemical analy-
sis of skin biopsies confirmed increased HA compared to vehicle, both in dermis and epidermis 
in Retinol-treated photoaged skin. The increased HA production was associated with significant 
improvement in signs of aging. Taken together, these results show that the skin anti-aging benefits of 
stabilized retinol formulation is also mediated through the induction of HA, a significant contributing 
factor responsible for wrinkle reduction.    
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Secreted heat shock protein-90 alpha (Hsp90α) is essential for skin wound healing
A Bhatia,1 K O’Brien,1 T Imai,2 M Chen,1 DT Woodley,1 H Udono2 and W Li1 1 Dermatology 
and the Norris Comprehensive Cancer Center, University of Southern California, Los Angeles, 
CA and 2 Immunology, Chiba University and Graduate School of Medicine, Chiba, Japan
Wounds that fail to heal in a timely manner pose a health, economic, and social problem worldwide. 
For decades, the conventional wisdom dictated that growth factors represent the main driving force 
of wound healing and the center of therapeutic developments. However, the only FDA-approved 
growth factor to date, recombinant PDGF-BB gel, has limited clinical use due to its modest efficacy, 
high cost and FDA “black box” warning on cancers. We identified three reasons that hinder the 
effectiveness of growth factor treatments. More importantly, we discovered a natural protein, the 
secreted form of heat shock protein 90alpha (Hsp90α), which can override all the inhibitions (to 
growth factors) and promote acute and diabetic wound healing in multiple animal models. The 
goal of this current study is to provide answers to the ultimately important question of whether or 
not secretion of Hsp90α is essential for the wound healing in vivo. Here we report that skin wound 
healing is significantly delayed in Hsp90α-knockout mice. Histology analyses indicate that the delay 
is largely due to blockade of the re-epithelialization process, rather than contraction. Consistently, 
skin cells isolated from Hsp90α-knockout mice show lack of Hsp90α secretion and decreased motil-
ity. More importantly, all these defects in Hsp90α-knockout mice can be fully corrected by topical 
supplementation with recombinant Hsp90α, but not Hsp90β, protein. The latter results indicate that 
it is the absence of extracellular, but not intracellular, Hsp90α that causes delayed wound healing 
in Hsp90α-knockout mice. Finally, we raised monoclonal antibody, 1G6-D7, targeting the epitope 
TKPIWTRNP of secreted Hsp90α and found that 1G6-D7 significantly slows down wound healing 
in the wild type mice. We believe that this discovery provides new hope for patients suffering from 
acute and chronic skin wounds.    
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Increased circulating monocyte aggregates in psoriasis patients exhibit an adhesion profile 
distinct from classical monocytes 
JB Golden,1 SG Groft,1 MV Squeri,1 T McCormick1, 2 and KD Cooper1, 2 1 Dermatology, 
Case Western Reserve University, Cleveland, OH and 2 The Murdough Family Center for 
Psoriasis, Cleveland, OH
Elevated intermediate (CD14++CD16+) monocytes (Mons) are predictive of cardiovascular disease 
and death. Of 19 psoriasis patients, 1/3 showed modestly elevated intermediate Mons compared 
to healthy controls (p=.056) that correlated with psoriasis severity (r=0.638, p=.003). Further, we 
observed a robust relative (p=.006) and absolute (p=.003) increase in circulating CD14+ cell dou-
blets (aggregates). Amnis Imagestream allowed visualization of aggregates even in unfractionated 
whole blood; doublets are comprised predominantly of classical (CD14+CD16neg) Mons, although 
intermediate Mons and lymphocytes also participate in doublet pairing. Adhesion molecule mRNA 
expression of control and psoriasis (n=5/grp) Mons forming doublets was compared to singlet clas-
sical Mons adhered to tissue culture plastic (4h), relative to unbound singlet Mons. Interestingly, 
doublets (from sorted CD14+ cells) have mRNA expression distinct from either classical singlet 
Mons or classical plastic-adhered Mons. Relative to singlet Mons isolated from the same PBMC 
comparator and post-adherent Mons, doublets overexpress integrins (ITG), (-α3, -α6, -β3, and -β5), 
extracellular matrix (ECM) proteins, and a disintegrin. By contrast, Mons post-adherence upregulate 
MMPs -1, -2, -9, -10, and -14, as well as ECM proteins distinct from doublet pairs. IPA analysis 
of doublets identified imputed adhesion genes including fibrinogen, collagen type III, and focal 
adhesion kinase. A comparison of singlet Mons (psoriasis vs. control) also revealed a distinct gene 
expression profile, ITG-β2 expression, and adhesiveness to cultured human dermal microvascular 
endothelial cells. Cumulatively, the data suggest that psoriasis Mons are primed for adhesion and 
form increased circulating aggregates that express an mRNA profile unique from known Mon sub-
sets. Potentiated cellular adhesion may increase or reflect the risk of cardiovascular co-morbidities 
observed in psoriasis patients and enhance entry into skin lesions.    
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Fibulin-4 is down-regulated in malignant head and neck SCC
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Japan
Fibulin 4 (Fbln4) belongs to a family of extracellular matrix (ECM) proteins involved in protein-pro-
tein interaction with the basement membrane and other ECM proteins and is important for elastic 
fiber assembly. Fbln4 is critical for embryonic development and Fbln4-/- mice die from aortic 
aneurysms. In humans, mutations in Fbln4 underlie the connective tissue disorder, cutis laxa, as 
well as the highly lethal arteriopathy syndrome. The role of Fbln4 in skin and hair morphogenesis 
and skin oncogenesis is not well understood. Here, we demonstrate that in newborn mouse skin, 
Fbln4 was highly expressed in both the dermis and epidermis, with the exception of the basal cell 
layer. In adult skin, dermal expression of Fbln4 decreased while epidermal Fbln4 was markedly 
increased throughout all cell layers. Interestingly, in the developing anagen hair follicles Fbln4 was 
expressed mainly in the subcutis outer root sheath, suggesting that the ECM plays a significant role 
in regulating Fbln4 expression. To assess the contribution of Fbln4 in oncogenesis, pathologically 
graded and staged head and neck squamous cell carcinomas (HNSCC) were immunostained for 
Fbln4. Fbln4 was highly expressed in keratinocytes of normal oral mucosa, but was dramatically 
decreased in HNSCC, and the reduction correlated with malignant progression. To circumvent 
embryonic lethality, we generated a knock-in mouse model bearing E57K (Fbln4E57K), a mutation 
known to disrupt elastic fiber formation in cutis laxa. Immunofluorescence of the skin showed 
reduced expression of Fbln4 in both the epidermis and dermis. Interestingly, the Fbln4E57K mice 
showed longer and misshapen tongues. Histological analysis revealed defects of the ECM with 
extensive dysplasia, a distinct phenotype associated with malignant transformation of HNSCC. 
MMP-9, which degrades collagen IV and other ECM proteins, was upregulated in Fbln4E57K mouse 
skin extracts. Our results demonstrate an important role for Fbln4 in normal skin and hair develop-
ment and in the pathogenesis of HNSCC.    
      
      
